We discuss how to take a Penrose limit in bubbling 1/2 BPS geometries at the stage of a single function z(x 1 , x 2 , y) . By starting from the z of the AdS 5 ×S 5 we can directly derive that of the pp-wave via the Penrose limit. In that time the function z for the pp-wave with 1/R 2 -corrections is obtained. We see that it surely reproduces the pp-wave with 1/R 2 terms.
temperature case is discussed in [13] .
In this paper we discuss how to take a Penrose limit [14] in bubbling 1/2 BPS geometries at the stage of function z(x 1 , x 2 , y) . As discussed in [5] , the Penrose limit is interpreted as the magnification of a part of the droplet. This interpretation is quite natural since the Penrose limit implies the magnification around a certain null geodesics. Following LLM's observation, we directly show that the function z for the AdS 5 ×S 5 is reduced to the one for the pp-wave [15] via the Penrose limit. In that time we obtain the z for the pp-wave with 1/R 2 -corrections as a byproduct. This z surely gives the pp-wave metric with 1/R 2 terms discussed in [16] . It should be noted that this z has the same boundary as the pp-wave without 1/R 2 corrections at the 1/R 2 order level. This result implies a subtlety to take account of 1/R 2 -corrections at the level of a single function z , and so it seems difficult to obtain the function z with 1/R 2 -corrections by directly carrying out the integral for z under a boundary condition. Moreover we consider the Penrose limit in the geometries for the configuration of the concentric rings. This paper is organized as follows: In section 2 we briefly introduce 1/2 BPS geometries obtained by LLM. In section 3 we discuss how to take a Penrose limit in bubbling 1/2 BPS geometries and obtain the single function z with 1/R 2 -corrections. In section 4 the result in section 3 is applied to the concentric ring case. Section 5 is devoted to a conclusion and discussions.
Setup
All 1/2 BPS geometries of type IIB supergravity preserving the isometry R × SO(4) × SO (4) are obtained by Lin-Lunin-Maldacena [5] . The 1/2 BPS geometries are given by
where a single function z(x 1 , x 2 , y) satisfies the following differential equation:
Remarkably, the single function z determines the solution of type IIB supergravity preserving an isometry R×SO(4)×SO(4) . If one would impose an appropriate boundary condition, then one can solve the differential equation and obtain the solution z . That is, when we give a boundary condition the solution of the supergravity is determined. The possible boundary conditions are severely restricted by requiring the smoothness of the solution. The smooth function z is allowed to take two values z = ±1/2 at y = 0 . When we assign white and black to z = 1/2 and z = −1/2 , respectively, the droplet configurations can be drawn in the (x 1 , x 2 )-plane.
This plane is identified with the phase space of the free fermion discussed by Berenstein [4] .
In particular, the configuration of a single black disk corresponds to the AdS 5 ×S 5 case and the configuration that lower half-plane is filled describes the pp-wave background. Then the Penrose limit is interpreted as the magnification of a part of the geometry for the AdS. These are depicted in Fig. 1 .
x' To begin with, we shall consider the Penrose limit of the function z for the AdS 5 ×S 5 case:
The coordinate system of the LLM background for this z is different from the standard global coordinates of the AdS 5 ×S 5 background. In order to obtain the standard expression of the AdS 5 ×S 5 we need to perform the change of coordinates as follows:
Here the radius r 0 is identified with the AdS radius R via r 0 = R 2 .
Let us recall how to take the Penrose limit in the metric. The AdS 5 ×S 5 metric with global coordinates is given by
Here we introduce the following parametrization utilized by Callan et.al [16] :
In order to obtain the function z in terms of x 1 , x 2 , y , we need to perform a coordinate transformation from (r 1 , r 2 ) to (r, y) . In that time other 1/R 2 corrections appear and so we have to be careful to do it.
We firstly expand y and r with respect to r 1 and r 2 (after the rescaling) as
From (3.6) and (3.7) we obtain
We have two choices to take a pair of r 1 and r 2 due to the sign ± that appears when we solved the quadratic algebraic equation (3.7) . But we should choose the "+" sign that leads to y = r 1 r 2 at the zero-th order of 1/R 2 . The relation y = r 1 r 2 is utilized in [5] . By using (3.8) we can rewrite the first term in (3.5) as
Now let us introduce a new variable x ′ 2 = x 2 − r 0 . This shift of x 2 corresponds to that of the origin in the 2-plane. That is, the origin in the system of coordinates for the AdS is shifted to the north-pole of the disk, and the resulting origin is nothing but the origin in 2-plane for the pp-wave (see Fig. 1 ). Then it is possible to expand r 2 = x 2 1 + x 2 2 as
(3.10) By using (3.10), we can express the first term in (3.5) in terms of (x 1 , x ′ 2 ):
Thus the first term in (3.5) has been decomposed into the leading term and the subleading term. As a matter of course, the leading term agrees with the result of LLM [5] .
In order to finish evaluating the 1/R 2 -corrections it is necessary to investigate the second term in (3.5) . It is easy to show that 12) and so the resulting function z with 1/R 2 contributions is given by
It is an easy task to show directly that the function z given in (3.13) satisfies the differential equation (2.3) . Hence the pp-wave with 1/R 2 terms may be contained in the context of bubbling 1/2 BPS geometries.
We shall next consider the Penrose limit of the V r and V φ for the AdS:
For the pp-wave case the Cartesian coordinates (x 1 , x 2 ) are more suitable than the polar coordinates (r, φ) since the droplet configuration is the lower-half plane rather than a disk. Through the coordinate transformations we can find the following V 1 and V 2 for the pp-wave with 1/R 2 terms:
The above V 1 and V 2 satisfy the differential equations (2.2) with the function z given in (3.13) .
As a remark, the constant term 1/2R 2 in the expression of V 1 (3.15) would not be determined by solving the differential equation but it is properly determined by carefully considering the Penrose limit.
By putting the functions (3.13), (3.15) and (3.16) into the metric (2.1), we can derive the metric:
where we have written down the metric in terms of the coordinates (r 1 , r 2 ) rather than (y, x 2 ) .
We also used the following expansions of ye G and ye −G :
Furthermore performing the shift of
and identifying as t ≡ x + and x ′ 1 ≡ −x − gives the pp-wave metric with 1/R 2 corrections considered in [16] :
Here the convention of the light-cone coordinates is absorbed into the identification between
x − and x ′ 1 . As an additional remark, the shift of x 1 does not change the expression of z, V 1 , and V 2 at the order of 1/R 2 .
Finally we should note that the function z including the 1/R 2 -corrections has the same boundary condition at y = 0 as in the case of z without 1/R 2 -corrections, although the V 2 becomes non-zero due to the 1/R 2 -correction. That is, 1/R 2 -corrections are irrelevant to the boundary condition. It is however natural to expect that 1/R 2 -corrections should bend the straight line of the boundary between z = 1/2 and z = −1/2 as depicted in Fig. 2 . So it would be interesting to consider to take higher contributions into account by following our method. 
Concentric Rings
As a simple extension of the discussion in section 3, let us consider the geometry characterized by a family of concentric rings [5] (see Fig. 3 ). This solution is given by the following z, V r , V φ :
where we have used the polar coordinates (r, φ) instead of (x 1 , x 2 ) . The r 1 is the radius of the outermost circle, r 2 the next one and so on. This background is time-independent and in certain limits can be thought of as a configuration of smeared S 5 giants and/or their AdS 5 duals.
It is easy to apply the previous analysis to this case. All we have to do is to introduce the shifts of variables as follows:
Then the radius coordinate r is expanded as
In addition we assume that r 0 is much bigger than x (n) 2
(thin ring approximation) and expand r n as
The remaining part of the analysis is similar to that in the AdS 5 ×S 5 (N = 1 case) and the 1/R 2 corrections in this case can be also evaluated. The resulting function z after taking the Penrose limit in the configuration of the concentric rings is
Then V 1 and V 2 are given by
The droplet configurations at y = 0 are a set of stripes as noted by LLM [5] (see Fig. 4 ). We have plotted two graphs ( Fig. 3 and Fig. 4 ) by using the contour plot in the Mathematica with the data: r 1 = R 2 , r 2 = 0.99R 2 , r 3 = 0.96R 2 , r 4 = 0.95R 2 , r 5 = 0.92R 2 , r 6 = 0.91R 2 , r 7 = 0.6R 2 , R = 2 . Our result (4.3) surely reproduces a set of strips from the concentric rings via the Penrose limit. We have discussed how to take a Penrose limit in bubbling 1/2 BPS geometries at the stage of a single function z(x 1 , x 2 , y) . Taking the Penrose limit for the function z for the AdS, we can directly obtain the z for the pp-wave with 1/R 2 -corrections. It satisfies the differential equation and leads to the pp-wave metric with 1/R 2 -corrections. In particular, our result reproduces the pp-wave metric used in [16] .
It should be however noted that the function with 1/R 2 -corrections has the same boundary condition at y = 0 as the z without the corrections. Hence the 1/R 2 -corrections are not determined by naively imposing a boundary condition at y = 0 , and it would be necessary to take more careful treatments. But, by considering the Penrose limit at the stage of the single function z for the AdS space (or metrics of other spacetimes), it is possible to properly take 1/R 2 -corrections into account in bubbling 1/2 BPS geometries.
As we include higher and higher contributions with respect to 1/R 2 , the boundary conditions at y = 0 should be modified as depicted in Fig. 2 . The 1/R 2 -corrections should bend the straight line of the boundary between z = 1/2 and z = −1/2 since the geometry should approach to the AdS 5 ×S 5 i.e. a disk rather than the lower half-plane. Hence it would be interesting to show this picture by studying higher order contributions (e.g. 1/R 4 -corrections). We hope that we could report on this issue in the near future [17] .
It would be nice to apply our discussion to other metrics (for example, [9] ) and derive the corresponding function z (with 1/R 2 -corrections). On the other hand, it is interesting to consider the description of 1/R 2 -corrections in terms of the free fermion in the SYM side.
